Introduction 52
Crop growth and development is highly related to soil hydro-physical properties, which 53 depend on soil management, and on the soil"s intrinsic textural and chemical characteristics. 54
Under a high annual water deficit, the cereal yield relies upon the quantity and timing of 55 rainfall, as well as upon the soil"s ability to retain and let water infiltrate (Austin et al., 1998) . 56
Infiltration and evaporation, that are the most significant soil-controlled processes determining 57 soil water storage, are mainly driven by the soil hydro-physical properties. Overall, fine 58 textures in soils with similar soil agricultural treatments reduce the soil hydraulic conductivity. 59
Tillage alters the structure of the topsoil layers, increasing the total soil porosity (Green et al., 60 2003; Moret and Arrúe, 2007) and the saturated hydraulic conductivity (Messing and Jarvis, 61 1993; Moret and Arrúe, 2007) . The subsequent impact of rain on the freshly tilled soil 62 promotes a decrease in the hydraulic conductivity (Cameira et al., 2003; Moret and Arrúe, 63 sampling sites, WRC measurements were only available in eighteen sampling sites (Table 2) . 134
A characterization of the saturated sorptivity (S crust ) and hydraulic conductivity (K crust ) of the 135 soil surface crust (0-1 cm), only available in fallowed soil, was also performed. 136
The lab determination of particle size distribution in gypseous soils is problematic (Herrero, 137 1991) and an acceptable method has not been yet established. Notwithstanding laser 138 diffraction has been found to be a promissory technique for gypseous soils (Arnett, 2009 ). The 139 soil particle-size distribution was measured using the laser diffraction technique (COULTER 140 LS230) . One replication of soil particle-size distribution was performed per sampling site. Pre-141 treatment of soil samples included the organic matter removing with hydrogen peroxide, soil 142 shaking with a water dispersant solution and ultrasonic treatment. 143
The soil dry bulk density ( b ) was determined using the core method (Grossman and7 dry weight of the soil, the samples were dried at 50 ºC for 48 h. This temperature instead the 146 routine 105 ºC was used to avoid further faulty determinations due to the loss of crystallization 147 water of gypsum, a process starting well under 80 ºC (Artieda et al., 2006; Herrero et al., 148 2009). One replication was performed per sampling site. This sampling also made it possible 149 to determine the volumetric water content at time of SPR measurements and initial water 150 content needed to calculate the sorptivity and hydraulic conductivity. 151
The soil penetration resistance (SPR) was measured in situ with a Rimik CP40II 152
Penetrometer, which automatically records the profile of penetration resistance. Five 153 replications randomly selected and approximately separated 0.5 m one each other were 154 performed per sampling site. 155
The soil hydraulic conductivity and sorptivity were characterized in the field using a tension 156 disc infiltrometer (Perroux and White, 1988 ) with a base radius of 50 mm. Two different 157 infiltration measurements, before and after removing the surface crust, were performed at each 158 sampling site. The infiltration measurements on the soil crust were taken on areas cleared of 159 large clods and crop residue. In order to ensure good hydraulic contact between the disc and 160 the soil, a thin layer of commercial sand (80-160 m grain size) was also poured onto the soil 161 surface. The base of the disc was covered with a nylon cloth of 20-m mesh. Only infiltration 162 measurements at saturation were conducted. On average, the infiltration time was about 15 163 min. Flow readings were automatically recorded every 5 s from the drop in water level of the 164 water supply reservoir, using a  0.5 psi pressure transducer that, connected to a datalogger 165 (CR1000, Campbell Sci.), was installed at the bottom of the water supply reservoir (Casey and 166 Derby, 2002) . Two replications with and without surface crust separated around 20-30 cm one 167 each other were performed per sampling site. The soil hydraulic conductivity and sorptivity at 168 saturation were calculated from the transient cumulative infiltration using the Vandervaere etexperiment from the upper centimeters of the soil, after removing the disc infiltrometer from 171 the soil surface. 172
The subsurface water retention curve (WRC) for undisturbed soil samples was measured in 173 the laboratory using a pressure head Time Domain Reflectometry (TDR)-Cell (Moret-174 Fernández et al., 2012) , which uses the TDR technique to estimate the soil volumetric water 175 content (). Water content was approached with the Topp and Reynolds (1998) equation, and 176 the soil salinity effects on the water content estimations were corrected using the Evett et al. 177 (2005) calibration. The undisturbed soil samples were taken from the soil surface after 178 removing the surface crust using core dimensions of 50 mm diameter and 50 mm height 179 (Grossman and Reinsch, 2002) . Two soil core replications were taken per sampling site. A 180 first measurement of  was performed in air-dry soil conditions, corresponding to a soil 181 suction head of about 166,000 kPa (Munkholm and Kay, 2002) . Additional measurements of  182 were made at soil water saturation and at suction heads of 1.7, 3, 5, 10, 50, 100, 500, and 1500 183 kPa. Assuming residual volumetric water content equal to zero, the WRCs and the 184 corresponding effective saturation curves, S e () were fitted, using the SWRC Fit V.1.2 185 software (Seki, 2007) (http://seki.webmasters.gr.jp/swrc/), to the bimodal function (Durner, 186 1994) : 187 (1) 188 0 < w < 1 189
where n i is the pore-size distribution parameter, m i = 1-(1/n i ),  i is the scale factor,  sat is the 193 saturated volumetric water content, and w is a weighting factor for the subcurves. The same 194 soil cores used to calculate the WRC were finally dried at 50 ºC for 48 h and employed to 195 calculate an additional value of  b .
197

Statistical analysis 198
To compare the calcium carbonate, gypsum and OM contents between WP and DP soil 199
types an independent-sample T-test was used with the SPSS 19. in agreement with the facts that (i) the soil solution is saturated in calcium, and then the 211 sodium adsorption ratio is well under the threshold for sodic soils, and (ii) clay is a minor 212 component in many of the studied soils. The agricultural soils in the high topographic 213 positions are predominantly white and shallower (white patches, WP) than those formed in 214 relatively lower positions, which are largely dark and with higher organic matter contentsdata for two representative pedons of WP and DP. Dry farming, helped by subsidies, is 217 practiced even though the low returns imposed by the hydric deficit and the shallow soils 218 result in no yield in some years. 219
The Munsell wet colour values of the white and dark patches were on average 6 and 4, 220 respectively ( Table 2 ). The WP soils presented, in comparison to DP, significantly higher 221 gypsum content (p < 0.05) (62.5% and 8.5% for WP and DP, respectively), but significant 222 lower levels of calcium carbonate (p < 0.05) (20.0% and 39.2% for WP and DP, respectively) 223 and organic matter (p < 0.05) (1.4% and 1.9% for WP and DP, respectively) ( Table 2 ). The 224 sum of gypsum plus calcium carbonate content measured on WP was significantly higher (p < 225 0.001) than the corresponding values measured in DP (Fig. 2) . Overall, the WP soils presented 226 coarser texture, with a higher percentage of sand (32.6% and 15.0% for WP and DP, 227 respectively) and lower clay content (13.9% and 25.1 % for WP and DP, respectively) ( Table  228 3). 229
The soil bulk density (ρ b ) ranged from 0.83 g cm -3 for the freshly tilled soils to 1.38 g cm -3
230 for soils after six months of fallow. Although no significant effect of soil type on ρ b and the 231 corresponding interaction was observed, the average ρ b measured in WP was slightly lower 232 than that measured in DP (Table 4 ). The ρ b under MB was significantly lower than the 233 corresponding values measured in C and F treatments ( Table 4 ). The volumetric water content 234 values at time of soil penetration resistance (SPR) measurements are summarized in Table 2 . -3 has been omitted from the analysis. Although the average SPR within the 0-10-cm soil 237 layer in WP was higher than that measured in DP, no significant differences in SPR between 238 soil types were observed (Table 4) . On the other hand, significant differences in SPR were 239 observed among the soil with different treatment. In this case, the lowest and highest SPR 240 values corresponded to the MB and F systems, respectively. No significant soil type vs ST 241 interaction was observed. A consistent and significant power correlation was found between 242 the SPR measured in WP and DP soils (Fig. 3) . 243
Statistical analyses of the saturated sorptivity (S crust ) and hydraulic conductivity (K crust ) of 244 the soil surface crust did not show significant differences between WP and DP (Table 4) . 245
Despite this non-significant difference, the K crust in DP was on average 36% higher than that 246 measured in WP. The S crust and K crust standard deviation measured in WP (0.22 and 0.011 for 247 S crust and K crust , respectively) was lower that that measured in DP (0.26 and 0.021 for S crust and 248
The values of saturated soil sorptivity (S 1-10 ) and hydraulic conductivity (K 1-10 ) measured 250 in the WP 0-10 cm depth soil layers were significantly lower than those measured in DP 251 (Table 4) to the DP-C in the WP-MB system, respectively. The relative differences between K crust and 258 K 1-10 , measured in F soils expressed as the quotient between the average K crust and average K 1-259 10 , were 28% and 50% for the WP and DP, respectively. The correlation analysis between the 260 K 1-10 in WP and DP showed that K 1-10 under DP was, on average, 1.4 times higher than that 261 measured in WP (Fig. 4) . 262
Assuming residual volumetric water content equal to zero, a bimodal form of water 263 retention curve was observed in all treatments (Fig. 5a) . Average values of the WRC 264 coefficients and the corresponding analysis of variance are summarized in Table 5 . The w,  1 and n 1 coefficients corresponding to he first "step" of the bimodal WRC were significantly 266 affected by the soil type and/or management system (Fig. 5b) . Compared to DP, WP showed 267 significant higher values of w and  1 , but lower n 1 values. Overall,  sat,  1 and w calculated for 268 the different ST followed the gradient MB > C  F (Table 5) . No significant soil type vs ST 269 interaction was found. The non-significant effect of soil type and ST on  2 and n 2 should be 270 attributed to the limited  values between 500 and 166,000 kPa, which prevented the SWRC-271 fit software to find accurate values of  2 and n 2 .
273
Discussion 274
The significant different color observed between WP and DP (Table 2) , which should be 275 related to the higher gypsum plus calcium carbonate content in WP (Fig. 2) , may result in an 276 easy method to soil discrimination in ground, airborne, and satellite images (Fig. 1) . The 277 differences in gypsum, calcium carbonate and OM contents and particle size distribution 278 between WP and DP soils (Table 2 and 3) should be attributed to the landscape genesis, with 279 karstic depressions associated to gyprock dissolution, accumulation of organic matter in the 280 lower topographical areas, and detachment of soil material from the upper areas. This natural 281 evolution of the landscape is masked by agriculture, especially by the yearly tillage required to 282 earn agricultural subsidies, which enhanced the elimination of natural vegetation and then 283 erosion and landscape homogenization.. 284
The slightly lower average  b measured in WP (Table 4 ) soils may be attributed to the low 285 particle density of gypsum (2.30 g cm -3 ) when compared to the average particle density of 2.62 286 g cm -3 typically assigned to silicate soils (Hillel, 1998) . Although no significant differences in 287 soil penetration resistance (SPR) were observed between soil type, the higher average SPR 288 value measured in WP (Fig. 3) agrees with Poch and Verplancke (1997) , who reported that13 gypsum content was positively correlated with penetration resistance. According to these 290 authors, the increase in penetration resistance caused by gypsum is due to the growth of 291 gypsum crystals in pre-existing pores, which reduces the volume of regular and continuous 292 voids necessary for root growth. As cited by many authors (Sauer et al., 1990; Logsdon et al., 293 1999; Green et al., 2003; Moret and Arrúe, 2007; Jabro et al., 2011) , disruption and 294 destabilization of soil structure by tillage increases the soil porosity, which promotes a 295 significant reduction of  b and SPR in the upper soil layers. Compared to MB, the higher  b
296
and SPR values in C and F should be due to soil settlements and filling of pore space 297 instigated by the mechanical compaction, the wetting and drying cycles and the biological 298 activity of soil after tillage (Leij et al., 2002) . 299
Taking into account that all pairs of WP-DP measurements were sampled in a same field 300 with identical soil managements and soil rejoining processes, the significantly lower K 1-10 301 (Fig. 4) and S 1-10 values in WP (Table 4) , which presented a coarser texture and lower  b 302 (Table 2 and 4), should be attributed to the effects of the easy dissolution/precipitation of 303 gypsum on the water conductive soil porosity. During the soil wetting, the gypsum that coats 304 the macropore walls dissolves, and it subsequently grows in new gypsum crystals that obstruct 305 pre-existing conductive pores (Poch and Verplancke, 1997). According to Poch et al. (1998) , 306 the lower saturated hydraulic conductivity in gypsiferous soils, i.e., most of our WP, is not due 307 to the presence of gypsum "per se", but to the size and distribution of the gypsum crystals. 308 Similar results were observed by Moret-Fernández et al. (2011) when comparing ungrazed 309 gypseous and non-gypseous soils in a semiarid region of Central Ebro Valley. The highest K 1-310 10 and S 1-10 in C would indicate that the soil infiltration rate, whose values change during the 311 soil rejoining, has a maximum value between the post-tillage and the end of fallow. The fragile 312 pore structure after tillage or the more compacted soil at the end of fallow (Table 4) (Table 4) indicates that K 1-10 had a different 315 behaviour depending on the soil type and the ST. This interaction was especially evident in the 316 measured in DP. As reported by Poch and Verplancke (1997) , the different behaviour in 318 gypseous soils should be attributed to the intrinsic characteristics of gypsum. As above 319 mentioned, during soil wetting gypsum crystals obstruct pre-existing conductive pores. These 320 effects may be amplified in freshly tilled soils, where soil collapses and gypsum dissolves 321 more easily. Field observations showed that the saturated gypseous soil under MB treatment 322 formed a kind of sticky paste in the first millimetres with a very abrupt contact with the 323 underlying dry soil.. This sticky paste of the gypseous soils that restricts the infiltration is well 324 known by farmers, who designated it with local a name like "chabisque". On the other hand, 325 the increase of the soil porosity in DP after tillage, with a more consistent structural porosity 326 than WP, made that K 1-10 in DP-MB was higher than that measured in WP-MD and in DP-F 327 systems, respectively (Table 4 ). The lower standard deviation observed in the WP K 1-10 and S 1-328 10 would be indicative of the hydraulic properties in these soils were less dependent on the soil 329 treatment than in DP. These results would indicate that the water infiltration in gypsiferous 330 soils is mainly regulated by the gypsum"s ability to obstruct the existing pores rather than by 331 the initial soil structure. 332
Despite the non-significant differences in S crust and K crust between WP and DP, soil surface 333 infiltration rates in DP were in general higher than that observed in WP. Similar results were 334 observed by Pueyo et al. (2012) in similar gypseous and non-gypseous ungrazed soils in the 335 Central Ebro Valley. As above mentioned, these differences should be attributed to the 336 intrinsic characteristics of gypsum crystals, which tend to close the pre-existent pores (Poch 337 and Verplancke, 1997). The lower relative differences between K crust and K 1-10 observed in WP 338 suggest that, in contrast to DP, the water conductive porosity of the WP surface crust is quiteabove, to the gypsum characteristics. 341
The bimodality (Fig. 5a and b ) of all WRC indicates that the soils display a patent double 342 porosity system (Durner, 1994) . As suggested by Guérif et al. (2001) the soil porosity can be 343 considered as (i) textural porosity: little affected by soil management and occurs between the 344 primary mineral particles, and (ii) structural porosity: sensitive to soil management factors and 345 compriseed by microcracks, cracks, bio-pores, and macrostructures produced by tillage 346 (Dexter, 2004) . Assuming that the first "step" of the WRC bimodal function (Fig. 5a) is 347 associated to the soil structural porosity, the higher weighing factor (w) under WP (Table 5 ) 348 would indicates that this soil has, in comparison to DP, higher volume of structural porosity. 349
Compared to DP, the higher  1 factor under WP indicates that this soil tends to retain less 350 water at near saturation conditions. These results agree with Herrero and Boixadera (2002), 351 who reported that gypsic soils, which tend to drain faster, present a lower water-holding 352 capacity. Although non statistical differences in n 1 were found between WP and DP (p = 353 0.096), the higher n 1 under DP is indicative of the extent to which the soil porosity is 354 concentrated into a narrow range of pore sizes, which may be associated to a better-defined 355 microstructure (Dexter 2004). Similar results were obtained by Moret-Fernández et al. (2011) 356 when comparing the WRC in ungrazing gypseous and non-gypseous soil in the Central Ebro 357
Valley. 358
The higher values of  sat,  1 and w under MB (Table 5) 
Conclusions 369
The prominent surface color patches of the studied agricultural drylands are evidence of 370 differences in soil composition, with the mean gypsum plus calcium carbonate content of 371 white patches (83 %) twice the average of dark patches. This contrasting composition on the 372 soil hydro-physical properties had a significant effect on the SRP, the soil hydraulic properties, 373
and WRC parameters measured in the 1-10 cm depth soil layer. In general, WP soils present a 374 higher SPR but lower S and K in both the surface crust and the 1-10 cm depth soil layer. 375
Although WP showed higher volume of structural porosity, soil under DP, with higher OM 376 and clay content, presented a better-defined microstructure with more water retention at near 377 saturation conditions. Although gypsum content has a notable effect on the soil properties, 378 further researches should be needed to find the interaction between gypsum and clay and OM 379 contents on the soil hydro-physical properties. A significant effect of the ST on ρ b , SPR, S 1-10, 380 K 1-10 and the w and  1 parameters was observed. Overall, ρ b and SPR was lowest under MB, 381 with maximal S 1-10 and K 1-10 values under the C treatment. Compared to C and F, MB 382 treatment presented the highest volume of structural porosity and the lowest water retention at 383 near saturation conditions. In the arid climate, these differences may explain the contrasting 384 development of rainfed crops within the same plot. Gypseous soils in the area ought to be 385 mapped and taken into account in rainfed agriculture subsidies and in the planned new on-386 farm irrigation developments. and (b) effective saturation curves (Eq. 2) modelled from the water retention parameters 22 showed in Table 5 for the white (WP) and dark (DP) patches under three different soil 23 conditions: tilled, cropped and fallowed soils. 62.5 a 20 b 1.4 b 8.5 b 39.2 a 1.9 a 1 F = structured soil during fallow; MB = recently tilled soil with moldboard plowing; C = consolidated soil during crop development 2 Munsell color of wet soil samples 3 Within the same soil determination, means of WP and DP followed by the same letter are not significantly different by T-test Student at P < 0.05. Table 4 . Average soil bulk density (ρ b ), resistance to penetration (SPR), soil surface crust sorptivity (S Crust ) and hydraulic conductivity (K Crust ) at saturation and saturated soil soptivity (S 1-10 ) and hydraulic conductivity (K 1-10 ) for the 1-10 cm soil depth, measured on white patches (WP) and dark patches (DP) soil under different soil structural conditions: freshly tilled soils (MB) and cropped (C) and fallowed (F) soil. Two contrasting white (WP) and dark patches (DP) of agricultural soils were compared Three soil managements (tilled, MB; cultivated, C; fallowed, F) were contrasted.
Hydro-physical soil properties for the 1-10 cm and surface crust layers were studied Soil water infiltration was the highest in DP under C soil conditions WP and MB presented the lowest water retention at near saturation conditions
